This Coastal and Hydraulics Engineering Technical Note (CHETN) presents an analysis of the change in fine grained sediments (fines), comprised of silt and clay sized particles, content through hydraulic placement of sand on the beach through the dredging process during beach nourishment projects. The investigation sought to better understand the percentage of fines lost during hydraulic placement to provide greater confidence that sand sources with fines content greater than 5% are suitable for beach or nearshore placement.
BACKGROUND:
The loss of sand from Florida's beaches and coastal systems is a serious problem that affects not only the coastal system but also the economic livelihood of Florida's coastal communities. Beach erosion is a chronic problem in Florida, influenced by sea-level rise, natural coastal processes, storms, and inlet management (Clark 1993) . The FDEP has documented 411.2 miles of critically eroded beaches, 8.7 miles of critically eroded inlet shoreline, 93.5 miles of non-critically eroded beaches, and 3.2 miles of non-critically eroded inlet shoreline statewide in a report cataloging the critically eroded beaches in Florida, as shown in Figure 1 (FDEP 2016a).
Florida's eroding beaches first began receiving sand as beneficial use from maintenance projects as early as the 1940s, but traditional beach nourishment practices did not begin until the early 1970s. Early beach nourishment projects focused on finding sufficient quantities of sand close to the project site, often not completing resource surveys in and around the sand sources or conducting a compatibility analysis with the native beach. In an effort to protect the environmental function and general character of the coastal system, the FDEP created the Sand Rule, Florida Administrative Code 62B-41.007(2)(j) and (k), in 1992 and amended the Rule in 2001, which specifies the criteria for sand placed on beaches within the State of Florida. The Sand Rule requires that material used for beach nourishment be similar in grain size distribution to the native or existing beach; additionally, fine sediment, defined by the percentage of material passing the #230 U.S. Standard Sieve (silt and clay sized particles), must comprise 5% or less of beach nourishment material. Material obtained from maintenance of navigation channels allows 10% fines or less for beneficial use/placement on the beach and 20% fines or less for beneficial use/placement in the nearshore. Identifying offshore sand resources suitable for future beach nourishment projects is critical to sustain Florida's beaches. Many beach quality sand resources located adjacent to the southeast Florida beaches have been exhausted (Ousley et al. 2014) . Searching for sand sources with sufficient quantities of beach-compatible sand is becoming more difficult, time intensive, and cost prohibitive. In many locations it is becoming a difficult or impossible task to find sediment sources that meet the Sand Rule for beach nourishment, resulting in the need for more expensive truck-haul projects utilizing upland sand sources.
Historic project knowledge and data collected from sand sources (also referred to as borrow areas) and beach placement sites from around Florida indicate that fines are removed during dredging and beach placement on a variable, but consistent, basis. That is, the fines content of the dredged material is reduced during each phase of the dredging process, to include dredging the sand source, transport to the beach, and placement on the beach. Turbidity plumes, areas of suspended fine-grained sediment in the water column, are present both at the borrow site where dredging occurs, the overflow during transport (when using a hopper dredge), and at the beach placement site. Turbidity plumes are monitored as a permit condition on all projects; when the turbidity exceeds a determined threshold, dredging/construction activities must cease until there are fewer suspended sediments in the water column.
The present application of the Sand Rule criterion assumes zero reduction in the percent fines between the sand source and placement area, resulting in the inaccurate assumption that the fines content for the post-construction beach will be the same as the in situ value. This conservative assumption is understandable given the scarcity of data on fines loss predictability, but it has the negative effect of limiting, or completely eliminating, numerous potential sand sources with higher in situ fines contents than specified in the Sand Rule. The practice of regulating fines content based on in situ values also reduces the amount of coastal sediment that is being retained in the natural system during routine maintenance dredging events, as questionable material is frequently placed upland or disposed offshore, rather than used for beneficial purposes such as beach placement.
Comparing the in situ and post-construction samples only indicates the total change in the amount of fines during the entirety of the dredging project. This method of analysis cannot provide information about exactly where in the dredging process fines are removed or the impacts that the fines may have on sensitive marine resources.
METHODS:
The 2014 Southeast Florida Sediment Assessment and Needs Determination (SAND) Study included a review of the change in fines content during dredging by comparing composite in situ sediment data and composite post-construction sediment data (Ousley et al. 2014) . It was observed that in all cases fines were lost during the dredging process. This CHETN expands on the data set of in situ to post-construction change in fines initially presented in the SAND study (Ousley et al. 2014) to compile a more robust data set for statistical analysis.
An FDEP Joint Coastal Permit (JCP) is needed to place sediment on any beach in the State of Florida. As part of the permitting process, the permittee must provide sediment data for the sand source and the existing, or native, beach placement area with a statistical comparison of the two demonstrating their similarity, referred to as a compatibility analysis. Following construction of a beach nourishment project, a JCP permittee must provide the FDEP with post-construction sediment data in the form of a compliance report to demonstrate that the sediment placed meets the established metrics outlined in the permit.
This work includes data from projects along the Atlantic and Gulf coasts of Florida (Figure 2) , ranging from 1982-2015, compiled from the USACE and FDEP project file databases (Coor et al. 2015; FDEP 2016b) . Composite in situ sediment data were obtained from historic compatibility analyses and geotechnical data found in FDEP JCP permit applications and/or construction quality assurance/quality control plans, referred to as QA/QC plans. Historical compliance reports were used to build the post-construction sediment data set. Data compiled for this analysis included project name, location, year constructed, in situ sand source grain size statistics, post-construction beach grain size statistics, and the method of dredging and placement (when available). Grain size data were calculated by the applicant/permittee of each project, and included the composite mean grain size and composite sorting coefficient (phi, Φ), commonly determined by creating a weighted average for each sample area (Friedman and Sanders 1978; Tanner 1995; USACE 2001; Dean 2002) ; the composite percent of fines is the weighted average of the percent passing the #230 US Standard Sieve for each sample area. The change in percent fines from the in situ sand source to the post-construction beach was used as the foundation for analysis (Equation 1).
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(1) Figure 2 . Map of Florida, highlighting project location sites sampled for fines loss in this study.
RESULTS:
The following results discuss the overall loss of fines as determined from composite statistical calculations of the in situ sand source and the post-construction beach (summarized in Table 1 ). The projects included in this study included beach nourishment projects utilizing offshore resources (to include offshore sand sources and inlet shoals) and beneficial use of material from maintenance dredging of navigation channels (to include the Intracoastal Waterway and inlet channels). The relationship between the changes in the percent fines from the in situ sand source to the post-construction beach is shown in Figure 3 . The majority of the data points is clustered between 0%-4% fines for in situ percentages and 0%-1% fines for post-construction beaches; there is no overall trend to the data set except that fines were usually lost during the dredging process. Due to regulatory constraints, there is a lack of data in the historic project files for in situ material containing higher fines content. Only one project in the dataset was granted a waiver to the requirement of having a sand source with 5% silt or less: Tampa Harbor O&M, Egmont Key. This project placed dredged material from the Tampa Harbor Entrance Channel on Egmont Key State Park to protect both archaeological interests and turtle nesting habitat in 2006 and 2014. The sediments from the Tampa Harbor Entrance Channel with average in situ fines contents of 25% and 23.8%, respectively, for different events were placed on the island's beach.
The post-construction beach samples contained 2.5% and 1.53% fines, respectively. At Egmont Key, the dredging process resulted in a loss of 90% of the fines in the 2006 event and 94% of the fines during the 2014 event. In order to quantify the change in fines content, the percent change in fines content between in situ sand source sediments and post-construction beach sediments for a given project or construction event was found. A histogram was created from this data (Figure 4) . The data set contains 103 placement events, of which 69% show a decrease of at least 50% fines from the in situ sand source. The mean and median percentages of the change in fines content are 57% and 70%, respectively (Table 1) . Additionally, 92 of the projects, or 90% of the data set, showed fines were lost to the system during the dredging process. Marco (2006) . In each of these cases, the difference between the percent silt of the in situ sand source and the post-construction beach was less than 1%, averaging 0.27% and ranging from 0.04% to 0.86% difference. While this study's metrics do show there is an increase in fines from the in situ sand source to the post-construction beach during these 10 projects, the increase is negligible and never exceeds 1%.
Potential Applications of Fines Loss Data. The data summarized herein, and available for use, are applicable in many coastal and navigation projects. A specific application of this dataset is to improve the planning-level selection process for suitable sand sources for beach nourishment. When obtaining a permit for beach placement in Florida, the FDEP regulators assume 0% reduction in fines content between the sand source and beach placement site. However, a zero fines loss scenario is known to be inaccurate based on the requirement for turbidity monitoring during construction. This data set shows that 69% of the projects experienced a loss of more than 50% fines, while 90% of the projects experienced some level of reduction in fines during the dredging process. This suggests that regulators could reasonably assume that similar projects would lose fines from the sand source to the beach, with a 50% loss of fines being a conservative estimate.
Note that no change is needed to the FDEP Sand Rule, only the application which places compliance criteria on the post-construction fill, understanding that it has changed from the in situ sediment source. Permitting sediment sources with a higher fines content both for beach nourishment and for beneficial placement from navigational channels will reduce the need for expansion of offshore dredge material disposal sites and upland dredge material management areas, increase the sediment available for beneficial use, allow more sediment sources to be used, warrant re-evaluation of existing sediment sources for a greater sediment yield, and offer additional Regional Sediment Management (RSM) opportunities. Results of this initiative are not only important to RSM goals, but information related to the sorting of sediment during dredging and the natural sorting of sediment once placed is key to the principles of Engineering With Nature.
Future Studies on Fines Loss. Future research will need to focus on refining thresholds for fines loss. A comparison of fines loss between hydraulic dredge types was beyond the scope of this study. Work is in progress with the Bureau of Ocean Energy Management (BOEM) to determine the percentage of fines lost between the dredge intake and pump-out as a part of the next phase in the series of studies on delivering sediment from the sand source to the placement site. These resulting data sets may be used to develop a function to predict the reduction in fines on the post-construction nourished beach from an in situ sand source.
Understanding the behavior and long-term fate of fine material provides an opportunity to better manage valuable sand resources while not endangering the environment.
SUMMARY:
The data presented in this CHETN show an average change of 54% in fines content occurs during the dredging process between composite values of the in situ sand source and the post-construction beach. The goal of this study was to empirically quantify the amount of fines change during dredging and placement events over time, increasing the baseline limits permissible for material that can be placed for beneficial use.
This research effort could benefit RSM strategies by maintaining a greater mass of sediment in the littoral zone instead of offshore or in upland placement and could reduce cost due to decreased pumping and transit distances. This would maximize the amount of sediment retained in the littoral system and eliminate the irreversible loss of littoral sediment that is currently not retained while providing reasonable assurance to regulating agencies of compliance with postconstruction percent fines criteria. 
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